As far as history records there have always been individuals born to lives of emotional maladjustment, perverse sexuality or uncontrolled aggressiveness. At the end of what may be called the anecdotal period of psychiatry, Maudsley expressed the view that sudden violent crimes committed in "blind fury" were frequently due to an epileptic process and he also made the observation that this tendency ran in families. He observed that such persons were frequently the siblings or children of epileptics and he believed that "the impulse sprang from a morbid condition of nerve element". Bleuler, like many other authorities, described a group of psychopathic personalities with abnormal irritability, the brief description of which has not, I think, been bettered. He says: "The irritable types react to influences from without in a very acute and exaggerated manner, which takes the form of attacks of rage lasting mostly a few hours, despair with suicide, anxiety attacks, or stuporose states. During the attack, reflection is altogether inadequate. Some cases are practically in a twilight state; the memory is later markedly clouded; jealousy and alcohol are especially frequent causes for the precipitation." Bleuler's view of these attacks suggests that a clouding of consciousness
can occur. In the classification of many authors the term "epileptoid" has been applied to these personalities. Despite the failure of most workers to demonstrate a constant type of personality change among epileptics, this term has been applied to such patients because of their egocentricity, their insensitiveness, and the sudden violence and uncontrolled fury which they exhibit and which is frequently followed by partial or complete amnesia.
The classification which has been used as a basis for all our work at Sutton has been that of D. K. Henderson (1939) . In this, psychopaths are divided into predominantly aggressive, predominantly inadequate, and predominantly creative. The numbers of the last mentioned whom we have seen have been so small that nothing can be said regarding them. In a previous contribution which D. J. Watterson and I read to this Section in 1942, we described the electroencephalogram (E.E.G.) findings in Henderson's first two groups, namely, the predominantly aggressive and the predominantly inadequate. In the latter group the finding of 32% E.E.G. abnormality although twice the percentage among controls, was not much higher than among a group of mixed psychoneurotics.
I shall deal only with the predominantly aggressive group of psychopaths among 65% of whom E.E.G. abnormality was found. For the purposes of this paper, I shall call them cases of dysrhythmic aggressive behaviour and for short, cases of D.A.B. In Henderson's classification the aigressive group is subdivided into those who injure others, those who attempt self-injury, alcoholic and drug addicts, the epileptoid and the sex variants. In 1941 we had not made this subdivision into the smaller groups and the cases of sexual perversion were divided between the aggressive and inadequate Proceedings of the Royal Society qf Medi?cine groups. As a result of more extended investigations on over 400 psychopaths, it can now be said that in the absence of violent temper, overt aggressiveness or a recurrent tendency to suicide, E.E.G. abnormality is not found in greater incidence in the alcohol or drug addicts or patients with sex perversion, than among psychoneurotics. We are therefore left with those psychopaths whose histories show repeated hostile acts against individuals, a tendency to self-injury, or suicide, and the epileptoid. These predominant characters must in all cases be fitted into an antisocial personality, and not be the transient, even if repeated, expression of a paranoid, schizophrenic, or manic-depressive psychosis.
The clinical material which provides the factual basis of this paper is provided by a total of over 400 psychopathic patients, from whom special groups have been selected for particular purposes.
THE DEVELOPMENT OF THE PSYCHOPATH
The development of neurone structure and the integration of complex paiterns in the brain, upon which consciousness and the substratum of personality are built, is a prolonged process which is continued after birth, through infancy and childhood up to the early years of adolescence. Thus myelinization in the fibres of the three large association areas is not complete before the age of 18, and there is considerable individual variation in this respect. Structural development is the precursor of functional organization, and at the present time the best physical indication of the functional organization in the brain is the E.E.G. The increasing organization associated with the appearance of consciousness, the development of mental processes, and the later emergence of personality, are faithfully mirrored in the changing frequencies of the cortical rhythms. As Gibbs, F. A., and have written: "The aspect of the electrical activity of the cortex, which correlates best with changes in central nervous function, is its frequency." After birth, when there is very little rhythmic activity, slow fncquencies first develop and spread over the brain. These are progressively replaced by faster frequencies until at the age of 9 to 12 many children have normaL E.E.G.s. At this age there is a uniformity in the E.E.G.s of normal children. Yet development is by no means complete, for the characters continue to change in many cases until the age of 18. It would appear that between 12 and 18, the E.E.G. acquires the characters which give it individuality. The generally accepted figure of 10 to 15% abnormal of the general population, is evidence that many persons have abnormal E.E.G.s throughout their lives, for which no demonstrable pathological process can be found.
In childhood findings of these kinds are even commoner. Abnormal E.E.G.s have been described by many writers on behaviour problem children. The abnormality is associated with bad temper, irritability and hyperkinesis. Both clinical and electroencephalographic findings are very similar in both the adult and the child. Watterson and I in a previous publication (1942) remarked: "In view of the similarity between the aggressive behaviour of psychopaths and the normal bad temper response to frlstration in young children on the one hand, and the similarity between the E.E.G.s of ;.ggressive psychopaths and those of young children on the other, the suggestion that the abnormality in E.E.G.s in these cases is produced by a failure of development in the central nervous system is very tempting." As, however, many behaviour problem children do not become psychopathic adults, one must suppose that a process of maturation does generally occur, but in some cases may be delayed and in some may never be complete.
The process may be disturbed by a pathological lesion. Cerebral trauma and encephalitis in childhood are more likely to result in personality disorder than in the adult. In childhood post-encephalitic behaviout disorder of an aggressive, antisocial character is more frequently seen than Parkinsonism, and behaviour disorder and antisocial conduct are common when the epileptic process appears for the first time in childhood. The general rule that a lesion in a developing organ or system results in greater and more prolonged disturbance of function than with a similarlesion after development is complete, holds good, therefore, when we are considering the development of personality in terms of the central nervous system. It would appear that aggressive behaviour disorder may result from lack of integration in the C.N.S. either from known pathological lesions or from constitutional defect.
COMPARISON WITH EPILEPSY
In idiopathic epilepsy any group or system of neurones can be the site of abnormal discharge. Whether or not the familiar phenomena of major or minor epilepsy appear, ngE depends on whlther the electrical discharge starts in or reaches an area whose function subserves moto-; or psychic activity. In established epileptics transient motor, sensory or psychic phenomena occur which are the result of epileptic discharge and sccasionally organized automatisms are seen which are either the expression of the epileptic discharge itself or follow it as release phenomena from paralysis of neurone function at the highest levels (Penfield, 1941) . This distinction is identified by the termns "epileptic automatism" and "post-epileptic automatism". A comparison between dysrhythmics in whom fits occur and those in whom they do not occur may be artificial, particularly if the E.E.G. identification of the epileptic is made on the presence of highly specific wave forms. The absence of spike and wave complexes or fast frequency complexes in the E.E.G.s of psychopaths cannot be accepted as evidence of the non-epileptic nature of the sggressive psychopathic outburst, but only of the reduced probability of grand mal or petit mal occurring. The comparison of the E.E.G.s of epileptics and D.A.B. patients must be made on other features of the record.
In their origlnal paper on seizure patterns in the E.E.G., Gibbs, Gibbs and Lennox (1938) , described, in addition to the two main patterns, a third for psychomotor seizures. In the resting records of such patients, a 6 c/sec. rhythm is frequently seen. This rhythm has the same characters as those we have found in psychopaths. Describing the psychomotor seizures of their epileptics, the Gibbs' (1941) say they may manifest theniselves as amnesic states, somnambulism, attacks of abnormal rage, &c. Behaviour is often apparently purposeful, and though usually accompanied by some degree of impairment of consciousness and forgotten after recovery, may be remembered fairly clearly and even justified by the patient. The clinical description might apply equally well to the symptomatology in cases of D.A.B.
We are now in a position to describe the typical E.E.G. pattern in cases of D.A.B. In the present study 80 abnormal E.E.G.s have been analysed for localization of abnormality. 59 (74%) had bilateral post-central 4-6 c/sec. rhythms, and in 49 (61%) this was the only abnormality. It would seem therefore that the bilateral post-central rhythm at 4-6 c/sec. with a voltage approximating to the dominant as a single abnormality correlates very highly with aggressive psychopathic personality disorder ( fig. 1 By using the transverse electrode placements in a position across the head just behind the ears, the 4-6 c/sec. rhythm can be more easily localized, and two areas for the common appearance of the slow frequencies have been observed (fig. 1 ). The first is high parietal, and in this area the frequencies are usually faster, nearer 6 c/sec. The other is the posterior temporal regions, and here the frequencies are usuallv slower, nearer 4 c/sec., and the voltage greater relative to the dominant than in the parietal foci. In the temporal foci there is also a greater tendency for the discharge toQ be unilateral. The distinction between these two foci of slightly different frequencies is one which has practical significance,-While-the-temporal 4 c/sec, discharge is rarer, it is also more frequently associated with the more dramatic and severe behaviour disorders (figs. 2 and 3). phllenomena were observed. The 18 petit niial adult epileptics in this series do not differ from the major epileptics in respect of the 4-6 c/sec. rhythm. Little that is definite can be said of the osychomotor epileptics, as there are only 8 of them; but while they have features which associate them with the major and minor epileptics, yet as a group their dysrhythmia is more like that of D.A.B. than of the other two groups. Those with temporal lobe discharges are indeed indistiniguishable frosn D.A.B. cases. A similar difficulty of distinction exists in the clinical field. It all depends on whether the case is regarded as one of "a confusional. episode with aggressive behaviour" or "an aggressive outburst with mental confusion". Frequently a diagnosis of epilepsy has been applied to the first but not to the second. The distinction is one of emphasis, and largely subjectively determined.
We may conclude, therefore, that electroencephalographic examination shows strong grounds for thinking that there is a kinship between the D.A.B. patient and the epileptic.
LOCALIZATION OF A RiiYTHMI WITH BILATERAL SYNCHRONY
Localization of the structural basis for an abnormal discharge may give a clue to function. Recently Silverman (1943) working on criminal psychopaths in America found a similar rhythm to that which we have found in a high percentage of cases. He states that the -rhythm is localized to the prefrontal regions. I have certain criticismns of his technique, into which I cannot enter here, but I believe that his results can be reconciled with mine. Where symmetry of a bilateral rhythm is incomplete, Jasper and Kerschman (1941) have shown that the focus of origin may be unilateral, cortical or subcortical and that one hemisphere can drive the other. In most of the cases of the present series a true bilateral synchronv of the 4-6 c /sec. rhvthm was present, as was demonstrated by transverse electrodes. It is probable that a subcortical centre is involved in the production of these rhythms, but whether it is itself the site of the abnormal discharge, or whether through its abnormal function it causes the cortex to discharge abnormally is not clear. Dusser de Barenne and MIcCulloch (1938) state that the normal electrical activity of the sensorimotor cortex depends upon the influx ofthalamocortical impulses and numerous workers have shown that lesions of the thalamuis and thalamocortical radiations will-abolish all rhythmical cortical frequencies, yet if 1 sq. cm. of cortex is left in functional connexion with the thalamus, spontaneous rhythmic activity can be obtained from it (Dempsey and Mlorrison, 1942) . Obrador (1943) produced acute lesions in the hvpothalamus and base of the brain in anaesthetized cats and found that this abolished the rhvthmical cortical frequencies. He also confirmed that lesions of the thalarnus and thalanmocortical pathways had a similar effect, but that section through the midl-brain hadl not. He suggested from these experiments that the hypothalamus may influence cortical activity through its thalamic connexions.
HYPOTHALAMIC STINIULATI6N
A few workers have recorded the E.E.G. from a basal lead, either resting against the roof of the nasopharvnx or by. means of a needle electrode passed through the nose and embedded in the basal portion of the sphenoid bone. Using this method on cats and human subjects Grinker and Serota (1938) recorded potentials which were undoubtedlythe result of activity in the hypothalamic nuclei. This can be claimed from the results of electrical stimulation through the embedded electrode. These workers observed that the most characteristic rhythm of the hypothalamus in cats and man is a 4-5 c/sec. rhythm. Comparison of cortical and basal potentials was made under varying Londitions. Ordinary electrical stimulation increased -the voltage of hypothalamic potentials immediately and the increased potentials recurred in bursts for long periods afterwards. The similar effect, observed in the cortical E.E.G., was thought to be secondary to the discharge in the hypothalamus. Very strong electrical stimulation to the hypothalamus produced massive discharge which appeared synchronously in both hypothalamus and cortex. These workers also made an interesting experiment; they found that a severe emotional stimulus-they told their subjects that masturbation had irreparably damaged them-produced discharge in cortex and hypothalamus similar to that produced by electrical stimuli. In considering their results, Grinker and Serota make the following observations: "Stimulation of the hypothalamus evokes a massive discharge which persists or reappears for minutes after stimulation is over. This suggests that this structure serves as a reservoir for prolonged excitation and has a chronic influence on brain and periphery. Affect-laden ideational stimuli similarly cause hypothalamic excitation which precedes and outlasts the cortical ones. The results indicate a 'driving' of ihe cortex by hypothalamus parallel to the well-recognized overwhelming of intellectual processes by emotional activity."
The best-known pathological rhythm with bilateral synchrony is the 3 per second wave and spike complex of petit mat. There can be no doubt that in many cases this rhythm is controlled by a deep pacemaker. Jasper and Ptnfield (1941) by placing electrodes along the base of the brain at an operation on a child were able in the following twenty-four hours to demonstrate a point on the mid-hypothalamus between the infundibutum and the mammillary bodies from which they could obtain phase reversal for the spike and wave complex and electrical stimulation of which resulted in many of the vegetative phenomena of the fit. This area, therefore, behaved like an area of epileptogenic cortex, and was responsible for the initiation and control of the bilaterally synchronous discharge. Jasper also considers that the bilaterally synchronous 6 cycle rhythms "arise in some deep-lying or mid-line structures". He states that patients with prominent 6 cycle rhythms have behaviour automatisms, and with Solomon and Bradley (1938) , he considered that the behaviour problem children who showed this rhythm were "epileptoid". It appears, therefore, on electroencephalographic evidence alone that bilaterally synchronous 6 cycle rhythms have a deep origin, and Jasper considers that the amount of bilateral synchrony in an abnormal frequency is a measure of the depth of the lesion in the brain.
In four cases of suprasellar tumours, on which Dr. W. Cobb had performed E.E.G.s bilaterally synchronous 4-6 c/sec. rhythms appeared in the E.E.G., but the svmmetry was particularly well shown in two cases one man and one woman in whom hypothalamic vegetative symptoms were marked. It is probable that in these cases numerous areas of grey matter in the floor and walls of the 3rd ventricle were pressed upon by the growing tumour, and it would be unwise to postulate any particular nucleus or nuclei as the site of disturbance for the slow electrical discharge seen in the cortex. It seems more probable that this frequency band, the 4-6 c/sec. band, or "Theta" band as Grey Walter has named it, is intimately concerned with the functions of the basal grey matter and is to be observed from cortical electrodes wherever the functions of this grey matter are disturbed. Cairns et al. (1941) reported a case of epidermoid cyst of the 3rd ventricle which when tapped on three occasions always resulted in rapid return of normal consciousness and responsiveness. The patient, a girl of 14, showed a condition of "akinetic mutism". She was devoid of all emotional expression, even to a strong painful stimulus. She would follow people with her eyes, but was mute. Within a few minutes of the cyst being tapped, she sat up and said "Where am I?" WVhitteridge recorded the E.E.G.s of this case on two occasions before and after the cyst was tapped. He found irregular slow discharges of high voltage from both hemispheres at a rate of 1-3 c/sec. and interspersed bv periods of nearly sinusoidal discharge at 2-5 c/sec. These appeared to be symmetrical and synchronous on the two hemispheres. The authors showed that these abnormal waves were not the result of raised intracranial pressure but of hypothalamic dv-tunction, and postulated an interference with the periventricular system of fibres. They remarked that the evidence in the case showed clearly "that the cortex was largely put out of action by local pressure at the diencephalic level" which suggests "normal cortical activity depends not only on afferent impulses from the outside Avorld, bu . but also on some other impulses mediated by the diencephalon".
It can be said, therefore, that there is strong presumptive evidence that the bilateral rhythmic disturbance in the E.E.G.s of D.A.B. cases is associated with dysfunction of basal grey matter, probably thalamus or hypothalamus or in circuits of neuronal chains which connect the two.
At this point, it is pertinent to the problem to review briefly the associations between hypothalamic functions and aggressive behaviour. In the experimental field mLuch work has been done since Goltz in 1892 demonstrated that the decorticate d,g showed irritability and anger after slight and innocuous stimuli.
Investigations have been directed towards finding which parts of the fore-brain must be ablated to induce the rage response. Bard (1928) has demonstrated the response in cats in which the cerebral hemispheres, corpora striata, and cranial half Af the hypothalamus have been removed. Fulton and Ingraham (1929) evoked the same response by an incision in front of the supra-optic hvpothalamic nuclei. The lesion must be bilateral. It is suggested that the vegetative component of the rage reaction is a release of the posterior hypothalamus; and the somatic component a release of the tegmental grey matter of the mid-brain. Spiegel, Miller and Oppenheimer (1940) could not elicit rage responses from ablations of the neopallium, but if frontal pole extirpations encroached upon the olfactorv tubercles, or if these areas were the site of isolated lesions, then "sham rage" followed.
Perhaps the hypothalamus and related nuclei are the structural foundation for emotional experience as well as for emotional expression, but of the latter there can be little doubt. It is to be observed that apathy, listlessness, absence of emotional responsiveness and initiative-the opposite to aggressiveness are as readily induced as aggressiveness by basal lesions.
It has been suggested that the stab lesions of Fulton and Ingraham anterior to the supra-optic nuclei possibly divided cortical inhibitory paths, since it is known that the frontal cortex sends fibres having inhibitory influence to, the septal nuclei, to the dorsomedial thalamic nucleus, and to the zona incerta, where thev are relayed to the posterior hypothalamus (Clark, and Boggon, 1933) . While exercising due caution when making comparisons from the results of animal experiments with human behaviour, it would seem that in man, the influence of the olfactorv apparatus is less and that the inhibitory effects of discharge from the area granularis of the prefrontal cortex on the hypothalamicthalamic function is more important. Reasons for this are to be fouLnd from the second source of data, namelv, from recorded clinical observations. THE HYPOTHALANIUS AND BEHIAV'IOUR Riddoch (1938) in discussing the clinical aspects of hypothalamic function remarks upon the rarity of states of excitement in the course of chronic diseases and slowvly developing lesions of the hypothalamus and considers that such states "are a response to acute disturbance of function, to sudden release from cortical control". He also rernarks that "it is possible that the thymic make-up of the individual" determines whether or not emotional reactions will readilv follow diencephalic lesions. However this may be, it is the acute conditions which tend to result in the excited or positive reaction, though the unstable affectivity of disseminated sclerosis and pseudobulbar palsv is, in Riddoch's opinion, due to release of the hypothalamus from cortical control. As alreadv mentioned the disease which can most nearly parallel the symptomatologv of D.A.B. is encephalitis lethargica occurring in childhood, in which the pathological process is largely confined to the peri-aqueductal grey matter, substantia nigra, and to a certain extent in the walls of the 3rd ventricle. I would emphasize again the effect of this infective condition on the developing brain and contrast it with the effect in the adult brain: while the lesions are the same, the effect is different. In the child the process of maturation, reflected in the changing frequencies of the E.E.G., or in Hughlings Jackson's terminologv, "integration", is still in progress. Foster Kennedy (1940) remarks on the incidence of temper tantrums, lying, stealing, arson, among voung people with functional hvpothalamus signs as being more frequent than in physically normal persons. Cushing (1929) , who first remarked on the indifference and apathy in cases of craniopharyngioma, contrasted this picture with the violent and aggressive behaviour in a girl of 13 following operation for glioma of the optic chiasma. Alpers (1937) described a personality change itn a man of 39 with teratoma of the 3rd ventricle destroying the hvyothalamus.
"A year before signs of tumour developed he became irritable, hypersensitive, aggressive, argumentative, curt, stubborn and unreasonable. He frequently flew into a rage over trivial matters."
Post-mortem revealed extensive destruction of the hypothalamus except some of the posterior nuclei.
In connexion wvith the influence of frontal lobe control, the, following case of Dott's is important. He wrote:
"In lesions involving the frontal lobe, especially on the left side close to the hypothalamus, where the fronto-hypothalamic bundle converges, the mood and emotional make-up may resemble those of a wild and ferocious animal. We saw a boy of 4 years who sustained a laceration with an abscess extending deeply into the posterior part of the orbital surface of the left frontal lobe. Formerly a cheerful friendly child, he settled into a state of dullmorose anger. Alert and fully conscious, he would not speak nor co-operate in any way. Given a formerly beloved teddy bear, he slowly tore it limb from limb with deliberate and ferocious savagery. He was actively aggressive if approached. When his abscess was cured, he became his former pleasant and well-behaved self." These two cases demonstrated sudden attacks of rage and aggressiveness. There was no question of an epileptic process, but in another two, described by Vonderahe (1940) and Sjdqvist (1941) , an epileptic process was undoubted, in the one stimulated by new growth and in the other by a traumatic lesion.
The following two cases illustrate the difficultv of making on clinical grounds or any other, a distinction between the outbursts of epilepsy and D.A.B. Both these men are criminal psychopaths and at the time of examination were serving sentences in prison. CASE I.-A young man of 20 was seen at the request of Dr. Young, Senior Medical Officer of Wormwood Scrubs. He was serving a sentence of three years for arson, which he had committed. in his own words, "to draw attention to himself". He was the eldest boy of four siblings, one of whom had infantile convulsions. He had always had a vile temper, was egocentric, and had shown depressive mood swings. His mental age was 11. At the age of 12 he had suffered head trauma of moderate severity. His attacks of violence had, however, dated since childhood and at school he was regarded as a "border-line mental case" because of them. The attacks of violence were very severe, almost homicidal in character, but were not associated, as far as could be ascertained, with loss of consciousness. The attacks were precipitated by minor frustrations and at the onset he would experience parcesthesia and tremor of the left leg. Having made his assault, he would feel relieved. On one occasion he had attacked an officer of the prison and on another he had been found in his cell in a "collapsed condition". No details of this are available. No abnormal physical signs were detected, but the E.E.G. was abnormal, particularly on the right cortex, which showed irregular slow frequencies, the most obvious of which was at 4 per second. The E.E.G. was unstable to hyperventilation. There seemed little doubt that a traumatic factor was present here, though the temper and attacks antedated the trauma. Here we had evidence then of aggressive personality disorder and homicidal assaults, but there were symptoms suggesting posttraumatic epilepsy. CASE II. Another young man of 21, ex-Borstal boy with previous prison sentences for larceny and for insulting behaviour, was seen at the request of Dr. Norris, of Feltham Prison. The patient was serving a sentence for breaking and entering. His mental age also was 11 years. He was a tall powerful man with acromegaloid features, but no definite evidence of a pituitary lesion. His family history was clear. He also had suffered a head injury of moderate severity. In prison he was well liked, and was amiable and quite affectionate towards the staff. He was sent for an E.E.G. because for some years, since his head trauma, he had exhibited attacks of violent behaviour in which he carried out apparently volitional acts such as throwing about movable articles and was aggressive if approached. He professed complete amnesia for these attacks, which were preceded and followed by intense frontal headaches. Mixing with others appeared to increase the attack frequency, while phenobarbitone reduced it and also the intensity of the episodes, the duration of which varied from two to ten minutes. It was thought that to some extent the development of the attack was within the patient's control. Prior to confinement in prison he had made a half-hearted attempt at hanging himself, but whether associated with an attack or not was unknown. No abnormal physical signs were elicited; his E.E.G. was abnormal. The alpha frequency showed great variability and there was a 6 c/sec. discharge from both parieto-occipital regions. While the E.E.G. was being taken the patient had a partial convulsion. This consisted of a,pparent sudden loss of consciousness, with flushing of the face. There was tonic spasm of the arms, and the head and eyes turned to the right. The E.E.G. was being observed from the post-central regions at the time, but no new rhythmical frequencies appeared, such as are usually associated with an epileptic process, though not necessarily with one primarily involving the vegetative and postural centres. All further physical investigations proved negative, and the psychotherapeutic study in prison suggested that the attacks were hysterical. After this he remained free from attacks for a mnonth and was then released from prison.
The diagnosis mnade was "hysterical manifestations in a subnormal aggressive psychopath".
IMPAIRMENT OF CONSCIOuTSNESS There is little doubt that dangerous assaults are committed in full consciousness and with malice aforethought by cases of D.A.B. as well as by epileptics. Indeed it is probable that psychopathic persons purposely transgress in this manner more frequently than non-psychopathic persons. But in many unpremeditated impulsive assaults, the history indicates a partial or complete amnesia or some curious features of the accused's account of the crime or the manner in which he committed it. It is generally believed that amnesia for a series of events is invariable where epilepsy is present and that absence of amnesia-.the capacity to give a more or less factual account of events-is strong evidence against epileptic discharge having occurred. This belief is probably true in the severe paralytic phase following a granid mal convulsion; it is very far from the rule in psychomotor epilepsy in which the behaviour disorder occurs concurrently with or follows the electrical discharge. In such cases there is frequently a very good memory for objective events as well as the bizarre subjective experiences which usually occur. In these cases the presence of subjective experiences-unreality feelings, uncinate phenomena, and hallucinations-are more diagnostic of epilepsy than any impairment of consciousness which may be associated. Since, as our results seem to indicate, the focus for abnormal function in D.A.B. is usually in basal or deep temporal grey matter, if epileptic discharge accounts for some of the assaults in these cases, then severe impairment of consciousness is not to be anticipated. The following case illustrates the concurrence of epileptic behaviour disorder with no amnesia. CASE III.-A young soldier, aged 22, was admitted to Sutton under Dr. William Sargant, on 18.1.42: on that day had been observed at his unit in two generalized epileptic seizures. He had only been in the Army a week and his history revealed that he had suffered from major and minor fits since childhood. No epilepsy or psychopathy had occurred in his family. On admission he said he felt dazed and tired, but the next day he improved and remained co-operative and friendly, without objective symptoms until January 22, that is four days later. On this day he began to behave in a strange manner. He appeared bright and inconsequent, but was normally oriented in time and place. He said he felt strange and unreal, had a roaring noise in his ears, and saw coloured lights. He mistook the fire bell for a sign for him to come out of his "coma" as he called it and he held his thumb in a certain position to allow the electricity to run up his arm. He also heard God speaking to him. His mental state led a competent psychiatrist to consider him schizophrenic. The next day he became restless and had to be removed to Banstead Mental Hospital, where he had to be placed in the "pads" for twelve' hours. He then began to improve, but in his own statement it "was two or three days before I was completely round". Thus it would appear that this psychotic episode lasted at least four days. He was later readmitted to Sutton, where routine E.E.G. tests for establishing control of his dysrhythmia by anticonvulsants were made and he finally left hospital much improved. When last heard of he had been free from fits for eighteen months. The patient who had a mildly aggressive personality and easily flared up, wrote out for us an account of his experiences during this psychotic episode which reveals that he had complete memory for all the events leading up to, and throughout the attack. He details time, individuals, and the manner of his admission to Banstead, and his recovery. This man's E.E.G. was grossly abnormal. A high voltage 4 c/sec. rhythm was found in both temporal lobes, and the hyperventilation elicited the spike and wave complexes of petit mal which occasionally could be observed clinically. It must be emphasized that this psychotic episode could not be regarded as secondary to the two fits which he had had five days previously. He had recovered from these and had performed an I.Q. test which gave him an average intelligence, which was not significantly lower than another test three months later when he was fully stabilized. A study of his state and his story suggests, in my opinion, that the first part of the episode was associated with epileptic discharge, probably in a temporal lobe. He had unreality feelings, heard deafening bangs and a roaring noise, saw flashes of light and felt electricity moving up his right arm. He was also aurally and visually hallucinated. This state, which suggests a slow-. moving discharge, suddenly ceased with an acute ecstatic experience. Thereafter no further sensory or uncinate phenomena occurred, but the state changed to one of restlessness with paranoid delusions and mistaken interpretation of environmental experiences, in which he felt he had a duty to kill Hitler. It suggests that this latter part was a release phenomenon after the epileptic discharge was over, the general integration of cerebral function being still abolished through the paralysis of those neurones which had been the channels of the discharge. We have in this episode an undoubted epileptic or post-epileptic automatism for which complete memory is retained.
There is little doubt, in my opinion, that however complete memory for a D.A.B. outburst may or may not be, some evidence of impairment of consciousness is frequently found. In thinking of degrees of consciousness we must consider a scale which has coma at one end, with responsiveness to severe painful stimuli next, then stupor in which responsiveness is more readily though briefly available, through types of unconsciousness in which complex motor behaviour of a quasipurposive kind can occur, to dazing with patchy amnesia, and finally to the finest grades of impairment of consciousness, in which judgment and the capacity for complicated reasoning are alone impaired. Paterson (1942) has shown in his studies of recovering head injuries that the many functions upon which consciousness depends can be knocked out selectively. When any single function is so paralysed, there is a restriction of the background of mental activity specific to that function. Thus after head injuries he found that "a restriction of conscious activity to a few aspects only of a situation and to isolated emotional attitudes" was common. The case of a recent murderer, who was seen through the kindness of Dr. Grierson, illustrates this.
The young man, who had always had a vile and dangerous temper, was ill-adjusted socially and sexually. He killed a young woman and her 2-year-old child suddenly by repeated blows on their heads with a coal hammer. He did this in the presence of his own wife. No serious quarrel had occurred and there was negligible motive. Though he had drunk a good deal of beer previously, there was no evidence that he, was grossly intoxicated. Asked why he did it, he said: "I thought what an evil woman she was", and regarding the irnfant he said: "I heard the baby crying in the other room and thought the child won't be any good without .the mother." He denied other feelings than these. An E.E.G. showed the usual abnormalities, and undoubtedly he was a case of D.A.B., but there were no features to lessen his responsibility in law, and he was condemned and executed.
To account for this sudden blunting of sensitiveness, this restriction of the conscious field, we must look at that quality which cases of D.A.B. share with dysrhythmic epileptics, namely, their cortical electrical instability to chemical stresses. My colleague, Dr. Heppenstall, working on a hyperventilation sensitivity test, has shown that while the hyperventilation response of neurotics and traumatic cases invariably becomes normal when the blood sugar is artificially raised above 150 mg.%, this is not the case with epileptics and some cases of D.A.B. This is then another sign of the biological affinity of these two grotips.
Hypoglycaemia as a cause of increased cortical sensitivity to hyperventilation has been reported by Davis pints Hyperventilation sensitivity to hydration. CHART.-This curve illustrates the increasing sensitivity to hyperventilation induced by hydration. This was the case of a man executed for murder, which he committed 40 minutes after drinking 12 pints of beer. The short tracings on the right illustrate the difference between his resting E.E.G. and after hyperventilation (above). reported a case some months ago. The alkalosis of hyperventilation in the presence of hydration is probably much commoner in D.A.B. assaults.
Hydration which precipitates epileptic fits, also increases the brain's sensitivitv to hyperventilation. Indeed, the greater the degree of hydration, the more readily does the E.E.G. become unstable to hyperventilation (Chart). This was also shown to occur with hypoglycaemia in the case of matricide already referred to. Rapid raising of the blood sugar after considerable hydration had occurred, abolished the cerebral instability and we were of the opinion that in that particular case hypoglycaemia rather than hydration was the significant factor. No doubt the two factors can coexist, either supplementing or cancelling the effect of each other. Thus, a high blood sugar will protect the brain from the effects of hydration. In criminal assaults it is probable that hydration is a commoner factor than hypogly.eamia. This, as a result of alcoholic excess, is supplemented by the influence of alcohol itself-another factor which depresses the highest cortical function yet increases dysrhythmia, It is apparent then that the physiological stresses so frequently observed preceding aggressive outbursts in cases of D.A.B. are in fact just those factors which are likely either to induce cortical discharge or to increase the sensitivity of the brain to hyperventilation.
The instability of the E.E.G. to hyperventilation alkalosis is a non-specific reaction and appears as a bilaterally svnchronous slow discharge, in which a very high voltage 3 c/sec. rhythm is the most prominent, seen first in the most anterior part of the frontal lobes, spreading back to all cortical areas as the condition progresses. It would be generally agreed that nerve elements which are suddenlv involved in such an oscillating system must inevitably have their function impaired. Davis and Davis (1939) reported partial clouding of consciousness with the appearance of these large slow potentials., and Davis and Wallace (1942) more recentlv, found amnesia, confusion and vagUeness for stimuli given to their subjects during such periods. The hyperventilation of intense excitement or a struggle in which the hyperventilation is not chiefly the result of muscular exertion, will, therefore, if sufficientlv prolonged, induce cortical instability affecting the prefrontal areas first. Our testing suggests that amnesia is only evident when the discharge has involved the whole cortex. The inference can, I think, be drawn that the first appearance of hyperventilation instability would involve the function of those cortico-hypothalamic fibres whose inhibitory infltuence has been traced, as Le Gros Clark (1938) points out, to the posterior hypothalamtus. Removal of this chief source of cortical control might, under suitable conditions of emotional stimulation, result in discharge of the posterior hypothalamus which Bard (1928) considered the vegetative component of the rage response. Such an explanation gains support from the evidence which suggests an overactivity and degree of autonomy in this area.
RECAPITULATION
Some recapitulation is perhaps desirable at this point. In emphasizing the physicochemical abnormalities of constitution which form the background of cerebral ftunction in cases of D.A.B., I have made no mcntion of psychological factors either in reference to the developing personality or when considering the aggressive outbursts. This paper has been solely concerned with these phvsical factors, but I should be doing both mv subject and myself an injustice if I suggested that with these matters alone a formulationl of actiology could be made. This is obviously not so. Each individual personality wvith its particular drives, aversions, emotional preoccupations and fears, and its capacity for adaptations in the various fields of human affairs is inevitablv the result of partictular interaction of the developing organism with the environment. No doubt the effects of such interaction are built into the personality and become an influLence on futulre behaviour-a process which in physiological terms is best called "conditioning". No doubt the broken home, the violent-tempered parent, the early psychic trauma play their part in this conditioning, but at the same time the question should be asked: "Why does the parent have a violent temper and break up his home; is his behaviour also the result of early stresses or are father and son both 'tarred with the same genetic brush'?" As Maudslev said: "Can a man escape from his ancestors?"
The problem of whether the cerebral dysrhvthmia in these cases is of the same hereditary type as Lennox, Gibbs and Gibbs (1940) have found in the convulsive epilepsies is important. It forms the subject of other investigations which are incomplete, vet the evidence both clinical and electroencephalographic suggests that it may bc so. I will return now to those two considerations with which I commenced, namely, the development of the personality and the natture of the attack. In respect of the first, there is good reason to believe that from the earliest years anl abnormal state of electrical pattern exists in the brain and that when adult life is reached, the fuLnctional abnormality is probably in those basal areas of grey matter that are particularly concerned with the reception of crude sensation and with emotional expression. It suggests a degree of autonomy of function in thalamic-hypothalamic circuits. At this point it is tempting to speculate on a failure of development in central nervous function, using the Jacksonian concept of "integration" as the essential process, and postulating a failure of cortical inhibitory control of that hypothalamic activitv which is concerned with the vegetative responses to emotional stimulation. At the present time such a theory is however only speculative when it is applied to personality structure; but these investigations suggest that the aggressive outburst, when it is not the expression of epileptic discharge itself, mav be frequLently a release phenomenon from an acute failure of cortical inhibition. Here Hughlings Jackson's concept of "dissolution at the highest level" seems applicable. The readiness with which this dissolution occurs can be measured in terms of E.E.G. sensitivitv to hvperventilation; such sensitivitv being increased bv physicochemical factors. Hydration and hvpoglycaemia are at present known but undoubtedly there are others. Further, this hyperventilation sensitivity of the E.E.G. and the abnormal characters in the spontaneous record are of the same order of cerebral dvsfunctions as the dvsrhythmia which is indicative of the convulsive tendency.
The differences between the cerebral events in motor seizures and the cerebral events in aggressive outbursts are perhaps best sought in the site of discharge, its time relations, and the degree of spread to other areas. The biochemical investigations forming the basis for part of this paper were carried out in collaboration with Dr. Mollie Heppenstall and Dr. William Sargant, to whom I am much indebted. It is also a pleasure to express my indebtedness to many colleagues at Sutton who have allowed me to examine their patients, and also to Dr. A. W. Petrie said he had followed these investigations with great interest. This section of the work had been mainly done on criminals and avowed psychopaths. Many of even the aggressive psychopaths also showed inadequacy and quite a number showed actual mental deficiency.
He thought that a series of electroencephalograms on the higher-grade mental defectives especially of the unstable type would be of great interest and might show a correlation with the results obtained among the criminals and psychopaths and even indicate that all these persons were virtually members of the same group.
Wing-Commander Denis Williams: The results of work, notably in America, upon psychopathic and psychotic individuals, and upon children who present behaviour problems, have suggested that a cerebral dysrhythmia is the expression of a basic constitutional instability in them. Figures published three years ago (Williams, 1941) related to these earlier results seemed to indicate that even in normal subjects, a cerebral dysrhythmia had the same significance. I wrote that: "An abnormal E.E.G. indicates an inborn constitutional defect which may find expression as epilepsy or a behaviour disorder such as a constitutionally determined psychoneurosis, psychopathy, or psychosis, ip the subject himself or his children." Although this statement Was criticized at the time, subsequent observations have lent increasing support to it. It is, however, simply concerned with abnormal E.E.G.s in general, and not with any specific kind of abnormality.
More recently (Williams, 1944) evidence has been accumulated which seems to show that intermittent, paroxysmal changes" in,, the E.E.G. of the sort characteristically seen in *association with epileptic attacks have a similar, -though specific r-itlonship to an epileptic tendency. Experimental work, accumulated data, and clinical observation all, indicate that in subjects whose behaviour is otherwise normal, these episodic disturbances in the E.E;G. indicate either an inborn or an acquired tendency to epilepsy (Williams, 1944) .
This being so it is interesting to find that some subjects who show periods -of impulsive aggressive behaviour without amnesia, and in the absence of convulsions may have similar changes in the E.E.G. It is not suggested that the presence of amnesia is necessary for the diagnosis of epilepsy, or that purpose may not be evident in the destructive outburst of the epileptic. The individuals whom Dr. Denis Hill has described could not, however, by any stretch of the imagination be called "epileptic" if this term is to have any reasonable meaning in clinical medicine. The cases, on the contrary, fall quite clearly into the group of aggressive psychopaths, which has been described at length by him and Watterson. The evidence to which I have referred suggests, nevertheless, that there is very little difference between the basic disorder-whether it is biochemical or physical-which is responsible for the abnormal behaviour of an aggressive psychopath and of an aggressive epileptic, and it is very suggestive that Dr. Hill has arrived at this conclusion from the study of a large number of psychopaths while I have done so from a study of epileptics. The following case illustrates how closely the E.E.G. of subjects with episodes of purposive aggressive behaviour which they are able to recall may simulate that of an epileptic.
A lance corporal, aged 29, had had a severe closed head injury, with an amnesia of two and a half hours, five months before admission to a hospital for head injuries. He came in because of a mild post-traumatic state, with headaches, lack of concentration and depression, as well as irritability and violent fits of temper. He had always been quick tempered and aggressive, but had avoided serious social consequences and had been a reliable workman and a satisfactory family man before the accident. In hospital he would show uncontrollable rage at very slight provocation. For instance, he nearly struck the medical officer in his exasperation at being unable to perform an intelligence test, he threw a mug of water into the face of a patient who had taunted him, screamed at the nurse and later the sister who came to pacify him, and had to be restrained. Similar episodes were frequent. His family history showed that his father and paternal uncle had similar outbursts. His father had thrown him into a canal in fury when he was a young child, was a chronic alcoholic, and used to beat his children uncontrollably. His uncle had attacked his wife with a knife on several occasions.
There were no physical sequelae of the head injury and it was thought that, the outbursts of rage were at most accentuated by it. The man was a mild psychopath of the aggressive type, with a strong family history of this nature. He had never had any attacks of unconsciousness, and he and his relatives always had memory and remorse for their explosive aberrations of behaviour. The patient's resting E.E.G. shows episodes of high voltage 3 and 4 a second waves which are indistinguishable from those seen in epileptics.
Although it may prove necessary, as Dr. Hill has shown, to consider psychopathic behaviour as closely related to epileptic behaviour, it would be unwise to extend the use of the term epilepsy. It means a seizure and it has very real social and economic implications which cannot be disregarded. Lennox has suggested the expression "cerebral dysrhythmia" but this implies that the cerebral electrical disturbances are the cause of the behaviour disorder, and not its accompaniments. In relation to, the relatives of epileptics and the patients with a cerebral lesion and who show an episodic dysrhythmia of an epileptic kind, I have suggested the term "latent epilepsy", as opposed to "active epilepsy". It is imperative to avoid the -use of clinical terms to describe E.E.G. phenomena but in this borderland between psychopathy and epilepsy which Dr. Hill has demonstrated to us, the present terminology is quite inadequate. Dr. William Sargant said he had been able to take part in the investigation of biochemical problems relating to the E.E.G. in America before the war and also at Sutton with Dr. Hill. He was sure that Dr. Hill's work and other work going on now in America would revolutionize many of our conceptions and treatment of certain forms *of aggressive violence. He (Dr. Sargant) had sometimes seen the release of uncontrolled aggressive behaviour in such patients, when they happened to get placed on insulin treatment and the blood sugar became lowered prior to the onset of coma. In one patient, with the E.E.G. findings described by Dr. Hill, violent behaviour had been accompanied by a state of consciousness in which the patient still knew what he was doing and that it was wrong and even apologized for being unable to control himself while he was doing it. Raising the blood sugar rapidly abolished the abnormal behaviour and restored the power of self-control.
He believed that Dr. Hill's paper carried with it some important general implications Many apparently normal members of the population had abnormalities of E.E.G. function as part of their inherited make-up. They only needed certain biochemical and environmental stresses to turn them into criminals and impulsive murderers. Such stresses were more frequently met with in wartime with the prevalence of concussional and blast effects on the brain, the tendency to excessive hydration of the cerebral cortex due to the increased consumption of weaker beer, the relaxation of cerebral inhibition due to other forms of alcohol, and the physical deterioration and loss of weight which occurred with prolonged fighting and other unavoidable war stresses. Disaster was going to occur to previously respectable citizens subjected to such stresses through no fault of their own. They would eventually "fire-off" into an aggressive impulsive act with an environmental stimulus that in normal times would leave them unmoved. An increase in crimes of violence among ordinary citizens could be confidently predicted as the war progressed and for some time afterwards on the basis of these findings.
The question of treatment was most important. A hundred years ago we believed that flogging, strait-jackets and handcuffs were the treatment of lunacy. They were thought to be a prevention of lunacy and a warning to others not to become lunatics. That was because lunacy was then thought to be an affair of the soul and not considered in terms of abnormal brain metabolism.
To-day, some people still thought flogging, imprisonment and hanging were the best cure for aggressive crimes and the most salutary warnin.g to others not to commit such aggressive acts. Dr. Hill's work suggested that some of our conceptions on this point were as foolish as those we shuddered at in lunacy a hundred years ago. It was fortunate that just as we were learning to diagnose such cases, so we were also learning how to treat them by means of ordinary drugs so that their brains did not "fire-off" so readily with -simple environmental stress.
Dr. Alfred Meyer: My interest il the anatomical aspects -of emotional expression has been aroused by an observation made in the course of investigations into the pathology of the Wernicke syndrome. In this syndrome now recognized to be due to thiamine deficiency a progressive clinical symptomatology of confusionalstates, Korsakow psychosis, somnolence and coma is associated with histological lesions within the grey matter around the 3rd ventricle, aqueduct and 4th ventricle. The most severe lesion in typical cases is situated in the caudal part of the hypothalamus, especially in the mammillary body, In one of my cases the localization of the hypothalamic lesion was, however, different.
In this case, the oldest and most severe damage was found in the anterior (supra-optic) part of the hypothalamus. The cytoarchitectonic structure of the middle (tuberal) portion was approximately normal, although special staining revealed calcification of small bloodvessels, and the caudal (ma-mmillary) region showed only slight and recent cellular degeneration. The interesting point is that in this case the mental picture was also atypical, During the first four months, of the illness, elation, hyperkinesia, flight of ideas, grandiose delusions and a marked tendency to angry and rage-like responses dominated the symptomatology, whereas confusion and memory defect supervened later, and death occurred in terminal coma about six months after the onset. I am greatly indebted to Dr. Lilly, superintendent of Cane Hill Hospital, for the clinical data of the case.
Manic-like syndromes as a result of hypothalamic lesions have recently attr.acted some attention. As the lesion is usually a tumour or a cyst in or near the hypothalamic area, a precise localization is, thus, difficult or impossible. My own case shows the essential clinico-pathological relations with an !almost experimental clarity. Bard, in his famous experiments, has demonstrated that sham rage in animals is due to activation of the undamaged caudal part of the hypothalamus. In his animals, the activation was brought about by extensive decortication often including the removal of the anterior hypothalamus; Fulton and Ingraham observed sham rage after bilateral lesions just in front of the chiasma, while Ranson and his collaborators produced the same results by damage to the anterolateral hypothalamic area. It is easily seen that the localization of the lesions in both instances is similar to that in my case.
The most plausible explanation is that the lesion in the rostral part of the hypothalamus interferes with inhibitory impulses coming from higher centres, particularly the frontal lobe. In this regard, the recent work of Spiegel, Miller and Oppenheimer has supplied further important experimental data. They produced rage in carnivores if the frontal lesion involved the parolfactory nuclei. It is of geat interest that-ba similar rage reaction occurred after bilateral ablation of the hippocampal region and the amygdaloid nuclei, while, as Papez pointed out, lesion of the anterior part of the cingular gyrus (anterior limbic region) has the ;opposite effect causing lack of emotional response, drowsiness, stupor and twilight states. The significance of these experimental results is seen, if the anatomical connexions of the hypothalamu's are taken into consideration. The hypothalamus is linked with the parolfactory nuclei by the medial fore-brain bundle, with the prefrontal cortex via the dorsomedial nucleus of the thalamus, and with other parts of the frontal lobe via subthalamic and septal nuclei. The mammillary body maintains, through the anterior thalamic nucleus, connexions with the cingular gyrus, and the hippocampal region sends fibres via the fornix system to the septum pellucidum and to the mammillary body. There are also connexions with centres in the brain-stem and the pituitary. There is, thus, in the words of Papez, a well-interconnected cerebral mechanism involving the hypothalamus, parts of the frontal lobe, thalamic nuclei, cingular cortex, hippocampus and amygdaloid nuclei, whose function appears to be to elaborate and participate in emotional expression. All these centres are situated near the mid-line and they are commonly regarded as part of the rhinencephalon, although it is now proved that some of them do not serve olfactory function. The anterior limbic region and the Ammon's horn display their highest cytoarchitectonic differentiation in the human brain, although, in man, olfactory function is much reduced, In cases lof arhinencephaly in which olfactory bulbs and tracts and cortical centres are absent, the pyramidal cortex of the Ammon's horn is not involved. It is also interesting that the cingular cortex has been regarded by Economo and Koskinas, more than fifteen years ago, as the cortical representation of the sympathetic system. There is on the other hand evidence that the parolfactory nuclei and the amygdaloid nuclei still serve olfactory function in man and for this reason may not have the same importance in the control of emotional expression as they have in macrosmatic species.
The difficulty of application of experimental results to the human brain will be gradually overcome by cytoarchitectonic studies, experimental research on a broad phylogenetic scale and, by patient collection of relevant data from human pathological material. I cannot go into detail but I should like to mention that we may have underrated the significance of the Ammon's horn sclerosis as a substrate of the emotional and personality changes in epileptics. Electroencephalography will be of the greatest help and, for a long time to come it probably will be one of the principal methods available for localization of the subtle and reversible emotional phenomena in the field cf so-called functional psychoses in which present histological methods are not likely to succeed. It provides some satisfaction to the anatomist, that with the introduction of this new method, anatomico-pathological data patiently collected by many workers become significant and some of the "silent" regions of the brain begin to speak, although, naturally, their language is still inarticulate and obscure in many ways.
A full account of my -own case, the problems arising from it, and the literature will be given in a subsequent paper now being prepared for publication.
